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BTione Reductajte Gene and Miorobial ProductiDn of Levodione 

The present invention relates to a DNA encoding an euone reductase, an expression vector 
comprising the DNA, a miaronrganism into which the DMA has been introduced, and a 
method for producing (6R)-2,2»6^trimethyI-l,4-cydohexanedione (hereinafter referred to 
5 as levodione) from 2»6,S*-tximethly-2-cydoliexene^l,4-dione (hereinafter re&red to as 
ketoisophorone) using the microorganisnu 

Levodione is a useful intermediate in the synthesis of optically active carotenoids such as 
zeaxanthin. A microbiological process of producing levodione firom ketoisophorone is 
"known (US 4|156»100). Enone reductase that acts on ketoisophorone to produce levo- 

10 dione, which was isolated firom Candida kefyr was described in (European Patent 

Application No. 020039673 filed on Feb. 22, 2002). This enzyme is characterized by the 
following physico-chemical properties: 
(a) molecular mass: 61>300 ± 5,000 Da 

(Estimated using gel filtratioxu Consisting of one subunit.) 

15 (b) Co-fectonNADPHandNADH ' 

(c) Substrate spedfidty: active on ocp-unsaturated ketons 

(d) Optimum temperature; 55-60°C at pH 7.4 

(e) Optimum pH:pH4.5-S^ 

As used herein, the term "enone reductase" encompasses proteins catalyzing the enzymatic 
20 reduction of carbonyl activated double bonds according to the Enzyme Nomendature 

provided by the Nomendature Committee of the International Union of Biochemistry and 
Molecular Biology (NC-IUBMB). It also rdates to proteins having the above mentioned 
activities of an enone reductase, which proteins preferably catalyse the conversion of keto- 
isophorone into levodione. The gene for an enone reductase involved in the biosynthesis 

HEI/sk 23.09^002 



8 's mi'u 



imm 190 did doioasiiA m 




-2- 

of levodione would be very useful for improvement of levodione productivily by a micro- 
organism. 



The present invention provides to an isolated DNA sequence encoding enone reductase. 

The isolated DNA sequence may be more specifically characterized in that (a) it codes for 
5 the enaymc having the amino acid sequence described in SEQ ID NO22, or (b) it codes for 
a variant of the enzyme selected from (i) an alldUc variant, and (ii) an enzyme having one 
or more amino acid addition, insertion, deletion and/or substitution and having the stated 
enzyme activity. 

More particularly, the present invention provides an isolated DNA sequence derived from 
10 a gene of Candida ktfyr {Candida macedoniensis) IFO 0960 and is selected from (i) the 
DNA sequence represented in SEQ ID NO:I, (ii) an isocoding or an allelic variant of the 
DNA sequence represented.ln SEQ ID NO:l, (iii) a derivative of the DNA sequence re- 
presented in SEQ ID NO:l, with addition, insertion, deletion and/or sttbstitotion of one or 
more nudeotide(5) and coding for a polypeptide having the enzyme activity, (iv) the DNA 
IS sequence which hybridizes to the complement of the nucleotide sequence of (i) or (ii) 
under stringent hybridising conditions and coding for a polypeptide having the eniqrme 
activity, and (v) the DNA sequence which is at least 80% identical to the nucleotide 
sequence of (i) and coding for a polyp^tide having the enzyme activity. 

The strain Candida kefyr {Candida macedoniensis) IFO 0960 is publidy available from the 
20 Institute for Fermentation Osaka (IFO), 17-85 Ju50-honmachi 2-chomc» Yodogawa-ku, 
Osaka, 532-8686^ Japan. 

Instructions for identifying DNA sequences by means of hybridi2ation are well-known to a 
person skilled in the art. The hybridization may take place under stringent conditions 
wherein only hybrids in which the probe and target sequence, i,c. the polynudeotides 
25 treated with the probe and are at least 70% identical, are formed. It is known that the 
stringency of the hybridization> including the washing steps, is influenced or determined 
by varying the buffer composition, the temperature and the salt concentration. The 
hybridization reaction is preferably carried out under a rdativdy low stringency compared 
with the washing steps. 

30 A 5 X SSC buffer at a temperature of approx. 50-68°C, for example, can be employed for 
the hybridization reaction. Probes can also hybridize here with polynucleotides that are 
less than 70% identical to the sequence of the probe. Such hybrids are less stable and are 
removed by washing under stringent conditions. This can be achieved, for example, by 
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lowering the salt concentration to 2 x SSC and subsequently 0.5 x SSC at a temperature of 
approx. SO-dS^C being established It is optionaUy possible to lower the salt concentration 
to 0.1 X SSC. Polynucleotide fi:agment> for esoimple, at least 70% or at least 80%, or at least 
90% to 95% identical to the sequence of the probe employed can be isolated by increasing 
5 the hybridization temperature ^pwise in steps of approx. l^l^C. 

'^Stringent conditions'* in the context of this invention mean hybridizadon in a buffer^ for 
example^ consisting of 5 x SSC, 0.1 % (w/y) N-lauro)dsarcosine, 0.02%(w/v) SOS, 1 % 
blocking reagent (Roche Diagnostics, Cat No. 1096 176) at SO'^C oVemight and two times 
of washing with 2 x SSC, 0.1% (w/v) SDS for 5 min. at room temperature and following 
10 two times of washing with 0.1 x SSC, 0-1% (w/v) SDS ifor IS min. at 68**C in the washing 
step of hybridization. 

The DNa sequence maybe cloned from a strain of C kefyr (C macedoniensis) IFO 096p» 
or another or related organism and thus, for example, maybe an alldic or species variant 
of an enone reductase encoding r^on of the DNA sequence. Also included witibin the 

15 scope of the present invention is a derivative of the DNA sequence ivith addition* 

insertion, deletion and/or substitution of different nudeotides resulting in a polypeptide 
that encodes llie same or a functionally equivalent levodione reductase. The encoded 
prorein may also contain addition, deletion, insertion and/or substitution of amino add 
residues, which produce a silent change and result in a functionally equivalent enone 

20 reductase. 

Hie DNA of the present invention ako means a genomic DNA that contains r^latory 
sequences such as a promoter and a terminator, which are involved in the expression of 
the gene of interest, and also a cDNA chat contains only open reading £rame flanked 
between the short fragments in its 5^- and 3'* untranslated region. 

25 The enone reductase gene, the recombinant exipression vector, and the recombinant 
organisms utilized in the present invention maybe obtained by the following steps: 

- Isolating chromosomal DNA from a microorgamsm that can provide enone reductase of 
the present invention and constructing the gene library with the chromosomal DNA. . 

- Ooning an enone reductase gene from the chromosomal DNA by colony- or plaque- 
30 hybridization, PCR doning, 5outhern<*blot hybridization and so on. 

- Determining nucleotide sequence of the enone reductase g^e obtained as above by usual 
methods and constructing recombinant es^ression vectors -v^ch contain and eatress the 
enone reductase gene efficiently. 
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- Constructing recombinant oxganisms carrying the enone reductase gene on recombinant 
eqoression vectors op on dhromosomes by trans&imiation, trknsductiony transconjugation 
or electroporation. 

The techniques used to isolate or clone a DNA encoding enone reductase of the present 
5 invention are known in the art and include isolation from genomic DNA. The cloning of 
the DNA sequence of the present invention from such genomic DNA can be effected by 
using the degenerate polymerajje chain reaction (hereinafter referred to as PGR). 

On the ba^is of information on the partial amino add sequence oligonucleotides as 
primers for PGR may be synthesized. The primers used for cloning of the enone reductase 

10 gene by PGR iuay be based on the amino add sequence of the peptide fragments of the 
purified enone reductase from the genera induding, but not to limited to, Candida and 
Zygosaccharomycei^ and in the most preferred embodiment, from C kef/r (G mncedonien- 
sis) IFO 0960. A DNA fragment (a partial DNA sequence) of enone reductase is generated 
by PGR amphfication with the primers and the template of, e.g., C. kejyr chromosomal 

15 DNA. The amplified DNA fragment can be used as the probe to done a genomic fragment 
coding for the whole enone reducta&e. An entire gene containing its coding region as well 
as its r^ulation region such as a promoter or teinninator can be cloned from a chromo- 
some, for example, by inverse PGR method using primers based on p^t ofsequence of the 
obtained DNA fragment after it wsa$ sequenced, or screening of genomic library which is 

20 constructed in phage vector or plasmid vector in an appropriate host, by using a partial 
* DNA fragment oblkined by PGR as described above as a probe after it "was labded. 

Generally, E coli as a host strain and £ coH vector, a phage vector such as X phage vector, a 
plasmid vector, or a yeast vector is often used in the construction of library and a foUovdng 
genetic manipulation sudi as sequencing, restriction digestion, ligation and so on. After 

25 the isolation of all necessary parts of the entire gene containing its coding region as well as 
its regulation region, obtained fragments were subdoned into an appropriate plasmid 
vector, which can be conveniently used for sequendng and construction of the entire gene 
' of the enone reductase. In this invention, the insert fragments vere subdonedinto pUGlS 
vector- Nudeotide sequence can be determined by a weU^known method such as dideoxy 

30 diain-»termination method. 

The isolated pNA sequence of the present invention may be used to identify and done 
DNA encoding a polypeptide having enone reductase activity from other strains of diffe- 
rent genera or spedes according to methods wdl known in the art 
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The present invention also relates to a recombinant DNA, preferably a vector and/or pias- 
mid comprising a sequence coding for enone reductase. The recombinant DNA vector 
and/or plasmid may compruse the regulatory regions such as promoters and tenninators as * 
weD as open reading frames of a enone reductase gene. Methods ^^dh. are well known to 

5 those skilled in the art may be used to construct expression vectors containing a nucleotide 
sequence encoding enone reductase and appropriate transcriptional and translational 
r^ulatory elements induding all components which are necessary or advantageous for 
pressioD of the coding sequence of the nucleotide sequence. Specific initiation and termi- 
nation signals may also be used to achieve more efficient translation of sequences encoding 

10 enone reductase. An isolated DNA sequence encoding enone reductase may be man^u- 
lated in a variety of ways to provide for expression of the polypeptide. Manipulation of the 
nucleotide sequence encoding enonei reductase prior to its insertion into a vector may be 
desirable or necessary depending on the expression vector. The techniques for modiiying 
nudeotide sequences utilizing donitig methods are well known in the art A variety of ex- 

15 pression vector/host systems may be utilized to contain and express sequences encoding 
enone reductase. 

The present invention also provides the use of the recombinant DNA to transform a host 
organism. A convenient &rmofthe recombinant DMA may be a vector. The host 
organism transformed with ihe recombinant DMA may be useful in the production of a 
20 polypeptide of enone reductase and also useful in the improvement of the production 
process of levodione. Thus, the present invention also provides sudi a transformed host 
cell (recombinant microorganism) and a polypeptide encoded by the recombinant DNA. 

The present invention also provides a process for the production of the polypeptide en- 
coded by the recombinant DNA, which comprises culturing the transformed host cell 

25 under the conditions suitable for the expression of the enzyme and recovery of the poly- 
peptide firom the cdl culture. Cultivation of the recombinant microorgazxism can be 
carried out aerobically or anaerobically at pH values firom 4.0 to 9.0, at a temperature in 
the range of firom 10 to 60rC^ for 15 minutes to 72 hours, preferably, at pH values firom 5.0 
to 8.0, at a temperature in the rax^e of firom 20 to 4Q''C for 30 minutes to 48 hours. The 

30 enone reduccase produced by the recombinant cell may be secreted or contained intra- 
cellulaxly d^ending on the sequence and/or the vector used. The enone reductase may 
then be isolated from the cuimre medium or the recombinant cell by conventional pro- 
cedures. 

The present invention further provides a process for the production of levodione, which 
35 comprises contacting ketoisophorone with the polypeptide enone reductase. 
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The enone reductase of the present inventiod catalyzes the reduction of ketoisophorone to 
levodione in the presence of a co-factor. NADH or NADtH, according to the following 
formviz: 

Ketoisophorone + NADH(NADPH) 5?=^ Levodione + NAD (NADP) 

The reaction can be conducted in a solvent such as Tris-HG buffer and phosphate buffer. 

Preferable conditions for tbe reaction are pH values from 4.5 to 8.5, more preferably from 
S.0 to 8.0. a temperature range of from 10 to 60»C more preferably from 20 to 60°C for a 
period of 5 minutes to 72 hours, more preferably for 15 minutes to 48 hours. 

Hie present invention also provides a method for the biological production of levodione. 
wbich comprises contacting ketoisophorone with a recombinant microorganism as 
described above, including cultivation of the recombinant microorganism in the presence 
of ketoisophorone as a substrata under conditions suitable for tJie production of levo^ 
dione, and isolating Ac resulting levodione from the reaction mixture: 

Either a growing or a resting cdl culture or immobiIiy.ed cells or a ceU-free extract, or the 
like, of the recombinant microorganism may be used for the production of levodione. 

Tlie growing ceU culture can be obtained by culturingtfae recombinant microorganism in 
a nutrient medium containing saccharides such as glucose or sucrose, alcohols, such as 
ethanol or glycerol, fetty adds, such as oleic add and stearic add or esters thereof or oils, 
such as rapeseed oil or soybean oil, as carbon sources; ammonium sulfete, sodium nitrate, 
peptone, amino adds, corn steep liquor, bran, yeast extract and so on, as nitrogen sources; 
magnesium sulfete, sodium diloride, calcium carbonate, potassium monohydrogen phos- 
phate, potassium dihydrogen phosphate, and so on, as inorganic salt sources; and malt ex- 
tract, meat extract, and so on. as other nutrient sources. Cultivation of the recombinant 
microorganism can be carried out aerobicaUy or anaerobically at pH values from 4.0 to 
9.0, at a temperature in the range of from 10 to 60''C for 15 minutes to 72 hours, 
preferably, at pH values from 5.0 to 8.0, at« temperature in the range of from 20 to 40»C 
for 30 minutes to 48 hours. Appropriate mixing of the culture during the cultivation will 
be preferable for the cdl growth or the reaction. 

Using the growing ceU culture thus obtained, a resting cefl culture or immobilized cells or 
a cell-free extract may be prepared by any means generally known in the art 
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Pre&rable condxdons for the production of levodione arepH values from 4.0 to 9.0 and a 
temperature range, of from 10 to 60°C for a period of 15 minutes to 72 hours. 

More preferable conditions for the production of levodione are pH values from 5-0 to 8.0 
and a temperature range of from 20 to 60°C for a period of 30 minutes to 48 hours. 

5 The concentration of ketoisophorone in a reaction mixture can vary depending on other 
reaction conditions, but, in general^ Is between 0.1 g/I and 300 g/I» preferably between 1 g/1 
and30g/L 

Levodione produced ens^/matically or biologically in a reaction miscture as described above 
maybe extracted by an organic solvent such as ethyl acetate, n-hexane, toluene, or n-but/l. 
10 The erfract may be analyzed by known method sudi as gas chromatography, high perfor- 
mance liquid chromatography, thin layer chromatography or paper chromatography, or 
the like- In case of gas chromatography, the following condition can be applied as an 
etomple: Column: ULBON HR-20M (Shin\v^, Japan) 0.25 mm x 30m; Column tempera- 
ture: 160''C (constant) j Injector temperature: 250''C; Carrier gas: He (ca. Iml/min) 

15 After the reaction, levodione in the reaction mixture maybe recovered, for eaounple, by ex- 
traction with a water-immisczble ox^anic solvent, which readily solubili2es levodione, such 
as eth^ acetate^ n-hexane, toluene, or n*butyl acetate. Further purification of levodione 
can be effected by concentrating the esdxact to directly crystallize levodione or by the com- 
binatipn of various kinds of chromatography, for eacample, thin layer chromatography, 

20 adsorption chromatography, ion-escchange chromatography, gel filtration 
chromatography or high performance liquid chromatography. 

The following Examples further illustrate the present invention. 

Example 1: Partial amino acid sequence of enone reductase of C kefyr (C. 
macedonimsis) 1FO 0960 

25 The freeze-dried purified enone reductase (as described in European Patent Application 
No. 02003967.3 filed on Feb. 22. 2002) of C kejyr was digested with lysyl endopeptidase, 
and the resulting digest was separated by the Smart system, i.e.. one nmol of the purified 
enzyme was dissolved in 25 of 50mM l*ri5-HCI buffer (pH 8-6) containing 8 M urea, 
. and incubated at 37°C for 1 hour. After this, 2S pi of 50 mM Tris-HCl buffer (pH 8.6) 

30 were added to make the concentration of urea 4 jM Then, O.S fJl of 12 nmol/ml lysyl 

endopeptidase (Wako^ Japan, 0.006 nmol, E/S=1/l67) was addedi and incubated at SQ^C 
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for 6 horns. The resulting peptides were separated by the Smart system using the following 
conditions: Column: |nRPC C2/C18 SC2-1/10 (Amerjiharo Bioscience / Buckinghamshire, 
England),- Flow rate: 100 fiJ/min; Liquid A: 0.1 % TFA; Liquid B: O.I % TEA + SO % 

CHjCN: Gradient: 100 % A (0-lS min); 100 % A ^ 100 % B (15-75 min); Colunui 

S temperature: Room temperature; Detection: 214 nm, 280 nm. 

The peptides (K-15, K-2S.1. K-6.1. K30, K13.2. K-Ll, K-1.2. K-33, K-25.2. K:-20, K- 
17, K-22, K-4.1, K-13.1, and K-9) were isolated, and die amino add sequences of these 
pq>tides were analyzed with a protein sequencer, i.e. by automated Edman degradation 
with a model 491HT pulsed h'quid protein sequencer (Applied Biosystems, Foster Qty, 

10 CaKfomia) to be Peptide K-15: SEQ ID NO: 3; PdptideK-25. 1: SEQ ID NO: 4; Pq)tide K- 
6.1 ; SEQ ID NO: 5; Peptide K-6 Ji: SEQ ID NO: (S: Peptide K-30: SEQ ID NO: 7; Peptide K- 
13.2: SEQ ID NO: 8; Peptide K-1.1: SEQ ID NO: 9; Peptide K-1.2: SEQ ID NO: 10; Peptide 
K-33: SEQ ID NO: 1 1; Peptide K-25.2: SEQ ID NO: 12; Peptide K-20: SEQ ID NO: 13; 
Peptide K-I7: SEQ ID NO: 14; Peptide K-22: SEQ ID NO: 15; Peptide K.4.1: SEQ ID NO: 

15 16; Peptide K-13.1: SEQ ID NO: 17; and Peptide K-9: SEQ ID NO: 16. 

The partial amino add sequence obtained was compared with tihe sequences of proteins 
stored in the SWISS-PROT (release 37.0+/06-14, June 99)» PIR (release 60.0, March 99), 
and PRP (release 99-05, May 99) protein databases. Sequence alignment was performed by 
using Blast (J. Mol. BioL. 215, 403-410, 1990) and Pasta (Pw)c NatL Acad. ScL USA, 85. 
20 2444-2448, 1988) programs. As a result, high homology witii known Old YeUow Enzymes 
was found. 

Example 2: Preparation of chromosomal DNA of CL kefyr (C macedoniensis) IPO 096D 

The cdls of G kefyr (C maxxdomensis) IFO 0960 were cultivated in 200 ml medium. Cells 
.were collected by centrifugation and su^ended in 10 ml TES bufifen 3 ml of 0.5 M EDTA, 

25 0.5 ml of Zymolyase solution, and 0.5 ml of Proteinase K solution were added to the cdl 
suspension. After incubation at 37»C for 0.5 hour with gently mixing, 2 ml of 10 % SDS 
was added and mixed. After addition of H2O to make the Volume 20 ml, 10 ml of TE-satu- 
rated phenol and 10 ml of diloroform were added and mixed. The uppar layer was 
collected aftter centrifugation, the same volume of phenol/chloroforra was added and 

30 mixed. After centrifagation, upper layer was collected and added with 0. 1 x volume of 3M 
sodium acetate and 2.5 x volume of edianoL Using a winding glass rod, DNA predpirate 
was collected, rinsed with 70 %, 80 %, and 90 % ethanol, dried and resuspended in 5 ml of 
TE buffer containing 10 |ll of 5 mg/ml RNase A. DNA was con^letdy dissolved by gently 
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xnixing at 4°C over night 10 Hl of S mg/ml RNase A were added again, and the DNA 
solution vras incubated at 37^C for 2 hours. After treatment with phenol/chloroform, 
water layer wajs recovered and tibe DNA was ethanol precipitated^ followed by centrifiiga- 
tion. The pellet was resuspended in 50 ml of T£ buffer. Concentration of thus obtained 
5 genomic DNA was 88 ng/|jl. 

Eaample 3: Cloning of partial enone reductase gene of C kefyr (C- macedoniensis) IFO 
0960 

Using the prepared genomic DNA as a template, a partial sequence for the enone reduct^e 
gene was obtained by degenerate PGR amplification using a thermal cyder (Perkin-Elmer 
10 Cetus Instruments} USA). The degenerate PGR primers were designed based on the partial 
amino acid sequences K-13«l, and K-9) obtained in Example 1, and were as follows: 

Sense 1 (SEQ ID NO: 19) 

GlyAapThrAsnXlePheLysPiTQlle 
5 ' -GGIGATACIAATATATTOAAACCAAT-3 ' 

15 c c a? C O T 

C G 

c 

AntL2(SEQIDNO:20) 

GlyGlul^^siairPheTbirtVrPheThr 
20 5 ' -CCTCCimCMTAAAieTATAAAAlGT-3 ' 

C C T G G G 

Q 
G 

The FCR reaction (50 |xl) was canried out using 176 ng of chromosomal DNA (obtained in 
25 Example 2) as a template^ 150 pmol each of degenerate primer, 2.S nmol each of dATP, 
dCTPt dGTP) and dTTP> l.S units of Ex Taq polymerase (Takara Shuzo. Kyoto, Japan), 
and 5 pi of EX Taq bnfi^ (Takara Shu2o). The initial template denaturation step con- 
sisted of 4 min at 94'*C An ampli0^tipn cyde of 1 min at 94''C 1 min at SO^'C and 1.5 
min at 72''C was repeated for 35 times. After additional 10 min reaction at 72''C, a DNA 
30 fr^ment containing a partial enone reductase gene (appro^ 1 kb) was amplified. This 
fragment was doned on a sequencing vector, and DNA sequence was determined by the 
dideoxy chain-termination method. A Taq dye primer sequencing kit was used with an 
autosequencer (DNA Sequencer 373A, Applied Biosystems). The partial DNA sequence 
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thus obtained for tiie enone reductase and deduced amino acid sequence are as illustrated 
in SEQ ID NO:21 and SEQ ID NO:22, respMtivdy. 

Example 4: Cloning of complete enone reductase gene of C tej$/r (C. macedoniensis) 
IFO 09£0 

5 The inverse PGR ivas used to done both upstream and downstream sequence flanking the 
partial enone reductase DNA sequence obtained in Example 3. 

1 fig of the genomic DNA of C kefyr (G macedoniensis) IFO 0960 (obtained in Example 2) 
was digested 10 units of Nco I (Takara Shuzo. Kyoto, Japan) in SO pi of K-buffer con- 
taining 0.01 % EfSA- 4fter: overnight reaction.at ST^'C tbe reaction mixture was treated 

10 with phenol/cbloroform, the water layer was recovered and the DNA was ethanol precipi- 
tated, followed by centrifugation. The DNA pdlet was resuspended in 1 ml of T4 DNA lig- 
ase buffer confining 700 units of T4 DNA ligase (Takara Shuzo). After overnight reaction 
at IS^^C the reaction mixture was treated with phenol/chloroform, the water layer was re- 
covered and the DNA was ethanol precipitated, followed by centrifugation. The DNA 

15 pellet was resuspended in TE buffer and used as a template for PCJL The PGR primers 
were designed based on the partial enone reductase gene sequence obtained in Example 3, 
and were as foUows: TAl (antiscnse primer for upstream region) = SEQ ID NO;23 and ISl • 
(sense primer for downstream region) = SEQ ID NO: 24. 

The PGR reaction (50 mI) was carried out using 250 ng of the template DNA, 5 pmol each 
20 of primer, 2.5 mnol each of dATP, dCTP, dClT?, and dTTP, 2.5 units of Ex Taq polymer- 
ase (Takara SKuzo), and 5 pi of EX Taq buflfer (Takara Shu2o). The initial template de- 
naturation step consisted of 4 min at 94**C. An amplification cycle of 1 min at 94"C 1 min 
at 60"C, and 4 min at 72*'C was repeated for 30 times. After additional 10 min reaction at 
72°C. a DNA fragment (approx. 4 kb) containing the upstream and downstream sequence 
25 ofthe enone reductase gene was amplified. This fragment was cloned on a sequencing 
vector, and DNA sequence was determined^ 

By combining tihe thus obtained sequence wifli the partial enone reductase DNA sequence 
obtained in Example 3, an estimated entire gene sequence containing its coding region as 
well as its regulatory region such as a jpromotcr or a terminator was obtained. The 
30 estim^d entire DNA sequence thus obtained for the enone reductase is illustrated in SEQ 
ID NO: 25 containing the coding region as wdl as its flanking upstream and downstream 
region (estimated ORF is 148* 1359). 

Neat, the actual entire sequence ofthe enone reductase gene containing its coding region 
as wen as its flanku^ upsjtream and downstream r^on was obfeincd by PGR as follows. 



Li 's seos'HN \mm m did joiobsiiasih is-s zm^ii^'U 



^ S — W^a^^^W WW! WW" 




The genomic DNA of C kefyr (C. macedonienfiJs) IPO 0960 (obtained in Example 2) was 
Qsed as a template. The PCR primers were designed based on the estimated enone reduct- 
ase gene Sequence obtained above (5£Q ID NO: 25)> and are illustrated in SEQ ID NO: 26 
rSense ) and SEQ ID NO: 27 ^Antisense) . 

S The PCR reaction (50 m1) was carried out using 900 ng of the template DHA> 10 pmol each 
of primer, 2.5 nmol eadi of dATP, dCTP, dGTP, and dTTP, 100 nmol of MgCli, 1-5 units 
of LA Taq polymerase (Takara Shuxo)> and 5 m1 of LA Taq buffer (Takara 5huzo). The 
initial template denaturaczon step consisted of 2 min at An amplification cyde of 1 
min at 94''C» 1 min at gO^Q and I.S min at 74**C was repeated for 23 times. After addi- 
10 tional 7 min reaction at 74''C» a DNA fragment (approx. L3 kb) containing the entire 
sequence of the enone reductase gene vims'amplified. This fragment was cloned on a 
sequencing veccor> and Ae DNA sequence was determined. 

The entire DNA sequence thus obtained for the enone reductase containing its coding 
region as well as its flanking upstream and downstream region is illustrated in SEQ ID 
15 NO:28 (ORF is 55-1266). 

Example 5: Expression of the enone reductase gene and levodione production using 
£.C0?x haidng &e enone reductase gene of C Tzefyr 

A DNA fragment containing just the ORF of the enone reductase gene (1212 bp) was ob- 
tained by PCR amplification- The PCR was performed with primers, ExS (SEQ ID NO:29) 

20 and ExA (SEQ ID NO:30), 

The vector carrying the entire sequence of the enone reductase gene (obtained in Example 
4) was used as a template. The PCR reaction (50 pi) Was carried out using 250 ng of the 
template DNA, 10 pmol each of primer, 2.5 nmol each of dATP, dCTP, dGTP, and dlTP, 
L5 units of Pyrobest DNA polymerase (Takara Shuzo), and 5 (Pd of Pyrobest buffer (Takara 

25 Shu2o). The initial template denaturation step consisted of 1 min at 94**C. An 

amplification cyde of 0.5 min at 94°C 1 min at eO^'C, and 1 .5 min at 75X was repeated for 
15 times. After additional 5 min reaction at 75°C, a DNA fragment (approx. 1.2 kb) con- 
taining just the ORF of enone reductase gene was amplified. 

This amplified fragment of the enone reductase gene was cloned on a vector, pETlOl/D- 
30 TOPO, using a pET Directional TOPO® Eaqsression Kits (Invitrogen Corporation* USA) 
according to an instruction manual prepared by tibe manufacturer. The vector carrying 
the ^one reductase gene thus obtained (pETlOl/D-TOPO-ER) was introduced into KcoU 
BL21 (D£3)s and several clones were selected for sequence analysis using an automatic 
sequence analysser (DNA Sequencer 373A, Applied Biosysiems). One of the dones, £a?/i 
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BL21 {DE3)[ pETlOl/D-TOPO-ER ], that showed compleidy the same sequence as the 
enone reductase sequence of G keg^ was selected for further experiments. The strain* 
RcoU BL21 (DE3) [pETlOl/D-TOPO] was also prepared as a control 
Each of die strains, RcaK BL21 (DE3) [ pETlOl/D-TOPO-ER ] and EcoU Bl21 
5 (DE3)[pET101/D-TOPO]> was inoculated into the M9 minimum medium (S ml in tube) 
containing 0.0S mg/ml of ampidDin and 2 % (W/V) of casamino adds (Difco laboratories, 
USA) and cultivated at 37*C- When the optical density at 610 nm reached 0.4, IPTG (iso- 
propyl beta-D-thiogalactopyranoside) was added to the medium to make the concentra- 
tion 0.01 mM and cultivation was continued for further 8-10 hours. Then the cells were 
10 ccUecced by ccntrifugation, and a portion of the cells xvas used for SDS-PaGE analysis. As 
a result, an IPTG-induced protein band estimated as 4S kDa was obs&rved'Only^heti the 
recombinant strain, Eca/iBL21 (DE3)[pETl01/D-TOPO-ER] was used. 
The rest of the collected cells was resuspcnded into 2 ml of 100 mM potassium phosphate 
buffer (pH 7.0). The suspemion was used for confirming an activity to produce levodione 
IS from ketoisophorone. This suspension was divided into two portions (1 ml each), and the 
reaction was started by adding 33 mM (final concentration, hereinafter abbreviated as f.c.) 
of ketoisophorone and 280 mM (f-c.) of D-glucose with or without 0.37 mM (fc) of 
NAD*, 15 units / ml (£c) of glucose dehydrogenase. The reaction was carried out at 3<yC 
overnight The reaction noixture was extracted with ethylacetate to recover levodione in 
20 the ethylacetate layer. The extract was analyzed by gas chromatography. As a result, 

levodione was detected only when the recombinant strain, EcoU BL21 (DE3)fpETl01/D- 
TOPO-ER] was used. 
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sequence; ZiXStxhg 

<110> Roche Vitamins AG 

^120> Snone reductase gene 

<130b. NDR5231 

<160> 30 

<sl70i> JPatencIn *(mx-aicm 3-1 



-IS- 



<210> 1 
10 <211> 1212 
<^212:> 

<213> Candida kefyr 
<220> 

<i221> CDS 
15 <:222^ (1) . . (1212) 
<223> 
<400> 1 

atsr Ccg tac atg aac etc gac cct aag cca ttg gga gac acc aat ate 46 
Met Ser rPyr Het Asn PHe Afip Pro liys Pro I#eu <31y Asp Thx Asn lie 
20 1 5 10 15 

trc aag cca ate aag acc ggt aac aat gag eta aaa cac aga gta gtc 96 
Phe Lys Pro lie liya Xle Gly Asn Asn Glv li&M Lya His Arg Val Val 
20 25 30 

25 

acg eca gca ttg acc aga atg aga gcc att gca cca gga aac ate cca 144 
Met Pro Ala Leu Thr Arg Met Arg Ala He Ala Pro Gly Asn He Pro 
35 40 45 

30 aac act gaa tgg gcc gag gaa tac tac aga caa cgt tct caa tac cct 192 
Asn Thr Glu Trp Ala Glu Glu Tyr Tyr Arg Gin Arg Ser Gin Tyr Pro 
50 55 60 

• 

ggt acc ctt att ate aeg gaa ggc act ttc cct tec gcg caa tea ggr 240 
35 Gly Thr Leu He He Thr Glu Gly Thr Phe Pro Ser Ala Gin Ser Gly 
65 70 75 80 

ggt tac cca aac gxg eca ggt ate egg .tec aaa gag caa teg get gaa 2fl8 
Gly Tyr Pro Asn Val Pro Gly He Trp Ser Lys Glu Gin Leu Ala Glu 

40 85 SO as 
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tgg aaa aag ate ttc aat gca ate cat: gag aac aaa teg tte gcg egg 336 
T3tfp Lya iiya II© Phe Asn Ala lie His Glu Asn Lys Ser Phe. Val -Prp • 
100 los 110 

gtg caa ccg tgg- gtt eta ggt aga caa gca* tgg cca gaa gtg ttg aag 384 
Val Gin Iffiu Trp Val Leu Gly Aafg Qla Ala Trp Pro Glu Val Leu Lys 
lis 120 125 

aag gaa ggt ttg cgt tac gac agt get acc gat gac zzg tac atg ggt 432 
10 Lys Glu Gly Leu Arg- Tyr Asp Ser Ala Thr Asp Asp Leu Tyr Met Gly 
130 135 140 

gaa gaa gaa aaa gag cgt gcc- tta aag get aac aac cca cag cac ggt ^SO 
Glu Glu Glu Lys Glu Arg Ala Leu Lys Ala Asn Aan Pro Gin His Gly 
15 145 150 1S5 1^0 

ate acc aag gaa gaa ate aag cag tac .ate aag gag cac gtg gat get 528 
lie Thr Lys Glu Glu lie Lys Gin Tyr He Lys Glu Tyr Val Asp Ala 
1« 170 175 

20 

gee aag aaa gcc ate gat gca ggt gca gac ggt gtg caa ate cat: ccC 576 
Ala Lys Lys Ala He Asp Ala Gly Ala Asp Gly Val Gin He Hi© Ser 
180 185 190 

25 gee aac ggt tac ccg ttg aac cag ttt teg gac cct att tct aac aac 624 
Ala Asn Gly Tytr Leu Leu Asn Gin Phe Leu Asp Pro He Ser Asn Asn 
19S 200 305 



aga acc gac gag tac ggt gga teg arc gag aac cgt gcg aga ttc act 672 
Arg Thr Asp Glu Tyr Gly Gly Ser He Glu Aan Arg Ala Arg Phe Thr 
210 215 220 



ttg gaa gcg gtc gat gee gtt gtc gac gca gtt ggt gcc gaa aga acc 720 
Leu Glu Val Val Asp Ala Val Val Asp Ala Val Gly Ala Glu Arg Thr 
35 225 230 235 240 

bee ate aga ttc tct cca cac ggc act ttt ggt acc atg tec ggt ggt 768 
Ser He Arg Phe Ser Pro Tyr Gly Thr Phe Gly Thr Met Ser Gly Gly 
24S 250 255 



gag aac cct ggc acc gcc get caa tat gca tac gtc ate ggc gag ttg 816 
Glu Asn Pro Gly He Val Ala Gin Tyr Ala Tyr Val He Gly Glu Leu 

260 265 270 

gaa aag aga gee aga get ggc aag aga ttg gcg ttc ate gac teg gcc 864 
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Glu Lys Arg Ala Arg Ala 61y Lys Arg Leu Ala Phe Xle Asp Leu Val 
275 260 285 



gag act cgt gtg acc gac cca etc eta cca gaa ttc gag aag tgg ttc 
Glu Pro Arg val Thr Asp Pra Phe Leu Pro Glu Ph.e olu Lys Trp Phe 
290 255 300 



912 



aag gaa ggc acc aae gaa ttc ate tac tot ate tgg aag ggt cca gtt 
Lys Glu Gly Thr Aan Glu Phe lie Tyr Ser lie Trp Lys Gly Pro Val 
10 305 310 315 320 



960 



15 



etc aga get ggt aac tat get ttg gac cca gat caa gcc act etc gac 1008 
Leu Arg Val Gly Asn Tyr Ala Leu Asp Pro Asp Gin Ala Thr Leu Asp 
325 • 330 335 

tet aag aag cet aac act ttg ate ggt tac ggt aga tee etc acc gee - 1056 
Ser Lya Lys Pro 2iszi Thr Leu He Gly Tyr Gly Arg Ser Pha He Ala 
340 345 350 



20 aac cca gac ttg gtg tac cgt ccg gaa aag ggt ttg cca ttg aac aag 
Asn Pro Asp Leu Val Tyr Arg Leu Glu Lys Gly Leu Fro Leu Aan Lys 
355 360 365 



1104 



tat gat aga aac acc tct tac aca ttc act aag gaa ggt tac acc gat 
25 Tyar Asp Arg Asn Thr Phe Tyr Thr Phe Thr Lys Glu Gly Tyr Thr Asp 
370 375 380 



1152 



tae cca age tac gaa gaa tec gtc gca aag ggt tae aag aaa gag gaa 
Tyr Pro Ser Tyr Glu Glu Ser Val Ala Lys Gly Tyr Lys Lys Glu Glu 
30 385 3d0 395 400 



1200 



aag aag tac taa 
Lys Lys Tyr 



1212 



35 

<210> 2 

<211:> 403 

<212> PRT 

40 <213> Candida kefyr 
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<400> 2 

Met 5er Tyr l^ec Asn Phe Asp Pro Lys Pro Leu Gly Asp rrhr h&n lie 

15 10 IS 

5 Phe Lys pro lie Lya lie Gly i\sn Asn Glu lieu Lys His Arg Val Val 

20 25 30 

Met Pro Ala Leu Thr Arff Met Argr Ala Xle Ala Pro Gly Asn lie Pro 

35 40 ' 45 



10 



Asn Thr Glu Txp Ala Glu Glu Tyr Tyr Arg Gin Arg Ser Gin Tyr Pro 
50 55 60 



Gly Thx Leu lie He Thr Glu Gly Thr Phe Pro Ser Ala Gin Ser Gly 
15 65 70 75 80 

Gly Tyr Pro Asn Val Pro Gly He Trp Ser Lye Glu Gin Leu Ale Glu 
85 90 BS 

20 Tzp Lys Lys He Phe Asn Ala He His Glu Asn Lys Ser Phe Val Trp 
100 105 110 

Val Gin Leu Trp Val Leu Gly Arg Gin Ala Trp Pro Glu Val Leu Lys 
lis 120 125 

25 

Lys Glu Gly Leu Arg tyr Asp Ser Ala Thr Asp Asp Leu Tyr Met Gly 
130 135 140 

Glu Glu Glu Lys Glu Arg Ala Leu Lys Ala Asn Asn Pro Gin His Gly 
30 145 150 155 ISO 

He Thr Lys Glu Glu He Lys Gin Tyr He Lys Glu lyr Val Asp Ala 
165 170 175 

as Ala Lys Lys Ala He Asp Ala Gly Ala Asp Gly Val Gin He His Ser 
ISO 185 • 190 

Ala Asn Gly Tyr Leu Leu Asn Gin Phe Leu Asp Pro He Ser Asn Asn 
195 ' 200 205 



40 



Arg Thr Asp Glu Tyr Gly Gly Ser He Glu Asn Arg Ala Arg Phe Thr 
210 215 220 



Leu Glu Val V^l Asp Ala val Val Asp Ala Val Gly Ala Glu Arg Thr 



52 
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225 230 235 240 

Ser Zle Arsr 3?he Ser Pro Tyr Gly Thr Phe Gly Thr Hex: Ser Gly Gly 
245 250 255 

5 

Glu Asn Pro Gly lie Val Ala Gin Tyr Ala Tyr Val He 61y Glu Zieu 
260 265 270 

Glu Xiys Arg Ala Argr Ala Gly I«y€ Arg Leu Ala Phe He Asp Leu Val 
10 275 230 265 

Glu Pro Arg Val Thr Asp Pro Phe Leu Pro Glu Phe Glu Lys Tzp Phe 
290 300 

15 Lys Glu Gly Tfar Asn Glu Phe Xle Tyr Ser xle Trp Lys Gly Pro Val 
305 310 315 320 

Leu Arg val Gly Aan Tyr Ala Leu Asp Pro Asp Gin Ala Thr Leu Asp 
325 330 335 

20 

Ser Lys Lys Pro Asn Thr Leu He Gly Tyr Gly Arg Ser Phe He Ala 
340 345 350 

A6U Pre Asp Leu val Tyr Arg Leu Glu Lys Gly Leu Pro Leu Asn Lys 
25 355 360 365 

Tyr Asp Arg Asn Thr Phe Tyr Thr Phe Thr Lys Glu Gly ^r Thr Asp 
370 375 380 

30 Tyr Pro Ser Tyr Glu Glu Ser Val Ala Lys Gly Tyr Lys Lys Glu Glu 
385 390 395 400 

Lys Lys Tyr 

33 

<210> 3 
<2ll> 12 
<212i^ PUT 
40 ^213^ Candida kefyr 



<400> 3 

pro Leu Gly Asp Thr Asn xle Phe Lys Pro He Lys 
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20 
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<210> 4 

5 <211i> 50 

<212> PRT 

<:213:> Candida kefyr 

<400> 4 

10 His Arg Val Val Idee Pro Ala Leu Thr Arg Met Arg Ala lie Ala Pro 
15 10 IS 

Gly Asn He Pro Asn Thr Slu Trp Ala Glu Glu Tyr «ryr Arg Gin Arg 
. . 20 25 30 . 



15 



Ser Gin Tyr Pro Gly Thr Leu lie He Thz- Glu Glv Thr Phe Pro Ser 
35 40 45 



Val Gin 
20 SO 



<210> 5 

<i211:» a 

25 <212> PRT 

<2ia> Candida kefyr 

<400> 5 

Glu Gin Leu Ala Glu Trp Lys r<y& 
30 1 5 



<i2ia^ ^ 

^211> B 

35 <:212> PRT 

<213> Candida kefyr 

<400> 6 

Xle Phe Aan Ala lie His Glu Adn Lys 
40 1 5 

<210i> 7 

<211> 18 

<212> PRT 
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\0 



15 



20 



25 



30 



35 



<213> Candida kefyx- 

<221> MISC^PEATOTE 

<222> (15).. US) 
<223b. 
<220> 

<221> mSC^FEATORB 

*i222> (IS)-. (IS) 

<£223^ Xaa ±g unJoiown 

<400> 7 

Ser Phe Val Trp Val Gin Leu Txp Val Leu Gly Arg Gin Ala Xaa Pro 
1 5 10 15 

Glu Val 



<210> 8 

<211> 15 

<:212> PRT 

-^213^ Candida kefyr 

<400> B 

Glu Gly Leu Arg Tyar Asp Ser Ala Phe Asp Asp Leu Type Mer Gly Glu 
1 5 10 15 

Glu Glu Lys 



•e2l0> d 
-tf211> 10 
<212> PRT 

^213> Candida kefyr 
<400> 9 

Ala Asn Asn Pro Gin His Gly XI e Thr Lys 
15 10 

-^210> 10 
<211> 7 
<212> PR.T 
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<213> Candida kefyr 
<400> .10 . 

Glu Tys: val Asp Ala Ala Lys 
5 1 5 



<210> 11 

<211> 50 

10 <212> PKT 

<213> Candida kefyr 
<220> 

<22i> MISC^FEATURE 

<:222s^ (43).. (43) 

15 <223> Xaa is unknovm 
<:220> 

<221> MXSC^PEATORB 

<222> (47)-. (48) 

<223> xaa is unknoiflTn 
20 <220> 

<22i> aiscjpBMraRE 

<222> (4S)..{45) 

<223> Xaa is xinknawn 



25 <400> 11 , 



Ala Xle Asp Ala Qly Ala Asp sly Val Gla He His Ser Ala Asn Gly 
1 5 10 ' iS 

30 Tyr Leu I/eu Asn (51n Phe Leu Asp Pro He Ser Asn Asn Arg Thr Asp 
20 25 30 

Glu Tyr Gly Gly Ser He He Asn Arg Ala xaa Phe Xaa Leu Xaa Xaa 
3S 40 45 

35 

Val Asp 
50 



40 ^2 10b. 12 

<211> 22 

<:212> PRO? 

'tf213s> Candida kefyr 
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<400> li 

Arg Iteu Ala Ph^ lie Asp lieu Val Glu Pro Ar? Val Thr Asp Pro Phe 
1 5 ^' 10 IS 

5 lieu Pro Glu Phe (31u Xiys 
20 



<21fl> 13 

10 <211> 12 

^212^ PRT 

<213> Candida kefyr 

<400> 13 

IS Glu Gly Thr Asn Glu Phe lie Tyr Ser lle .Tacp Lys 
15 10 



•^210^ 14 

20 <211> 21 

<212> PRT 

<213> Candida kefyr 

<:4D0^ 14 

25 

Gly Pro Val Leu Arg.Val Gly Asn Tyr Ala Leu Asp Pro Asp Gin Ala 
15 10 IS 

Thr Leu Asp Ser Lys 
30 20 



^210s^ IS 

<211^ 24 

35 <:212> PRT 

<213^ Candida kefyr 



<400> 15 

40 

Leu Pro Asn Thr Leu lie Gly Tyr Gly Arg Ser Phe lie Ala Asn Pro 
IS 10 15 

Asp Leu Val Tyr Arg Leu Glu Lys 
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20 



<:210> 16 

5 <2Xl> 6 

<212> PRT 

<213> Candida kefyr 

<400> 16 
10 tvly lieu Pro Leu Abu Lys 
1 5 



<21Q^ 17 
15 <211> IX 
<212i> PRT 

•<213> Candida kefyr 
<4.QQ^ 17 

20 Ty^ Asp Arg Asn Thr Phe Tyr Thr Bh^ rhr liys 
15 10 



<:210> 18 
25 <211> IS 
<212>' PRT 

<213b. Candida kefyr 
<400> la 

30 Clu fily Tyr Thr Asp Tyr Pro Ser Tyr Qlu Slu Ser Val Ala hye 
IS 10 15 

<210> Id 

35 <211> 9 

<212> PRT 

<213> Artificial 

^400> 15 

40 Gly Asp Thr Asn xle Phe Lys Pro Zle 
1 5 
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<210> 20 

<211> 9 
<212> 

^212t^ Artificial 

<400> 20 

Gly Glu I.yg Thr Phe Thr Tyr Phe Tlir 
1 S 



10 



15 



<21d^ 2X 

<:211s> lOSa 

-^2X2> DKLA.- 

<213> Candida kefyr 

<2ao> 

^221> CDS 

<:2225> (1)..(10S6) 

<223> 



20 <400> 21 

cae aga gta gte atg- cca gca ttg act aga acg aga gcc att gca cca 
His Arg Val Val Met Fro Ala Leu Thr Arg Cfet Arg Ala lie Ala Pro 
15 ID 15 



48 



25 gga aac ate cca aac act gaa egg gcc gag gaa tac tac aga caa cgt 96 
Gly Asn He Pro Asn Thr Glu Trp Ala Glu Glu Tyr Tyr Arg Gin Arg 
20 25 30 



tct caa tac cct ggt acc ctt acc acc acg gaa ggt act ttc cct tct 144 

30 £er Gin Tyr Pro Gly Thr Leu lie He Thr Glu Gly Thr Phe Pro Ser 
35 40 45 

gcg caa tea ggt ggc tac cca aat gtg cca ggt ate egg t:cc aaa gag 192 

Ala Gin 5er Gly Gly Tyr Pro Asn Val Pro Gly lie Trp Ser Lys Glu 
35 50 55 60 



caa ttg.gct gaa tgg aaa aag arc ccc aiat gca ate cat gag aac aaa 240 
Gin lieu Ala Glu Trp L>ys Ly$ He Phe Asn Ala lie His Glu Asn Lys 
6S 70 75 ao 

teg tec gtg tgg gtg caa ttg tgg gtt eta ggt aga caa gca tgg cca 288 
Ser Phe Val* Trp Val Gin Leu Trp Val Leu Gly Arg Gin Ala Trp Pro 
85 90 35 
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gaa gtg ccg aeg a&g gaa ggc ccg cgc cac gac age get adc gac gac 336 
Qlu Val lieu Lys Lys Glu Gly Leu Arg Tyar Asp Ser Ala Thr .Asp Asp 
100 lOS lip 

5 teg tac atg ggt gaa gaa gaa aaa gag cgc gcc cca aag gcz aac aac 3B4 
Leu Tyr Met Gly Glu Glu Glu Lys Qlu Arg Ala Leu Lys Ala Asn Asn 
lis 120 125 . 

cca cag cac ggc ate acc aag gaa gaa ate aag cag tac ate aag gag 432 
10 Pro Gin His Gly He Thr Lys Glu Glu He Lys Gin Tyr He Lys Glu 
130 135 140 

tae gtg gat get gcc aag aaa gcc ate gat gca ggt: gca gac ggc gtg 480 
Tyr- Val Asp Ala Ala -Lys Lys Ala -He Asp Ala Gly Ala Asp Gly Val 
15 145 150 155 160 

caa ate cat tct gcc aac ggrt tae ttgr ttg aac cag ttt ttg gac cct 528 
Gin He His Ser Ala Asn Gly Tyr Leu Leu Asn Gin Phe Leu Asp Pro 
165 170 175 

20 

act zaz aac aac aga acc gac gag cac ggt gga teg ate gag aac egt 57^ 
He Ser Asn Asn Arg Thr Asp Glu Tyr Gly Gly Ser He Glu Asn Arg 
180 185 190 

25 gcg aga ttc act ttg gaa gtg gtt gat gcc gtt gca gat gca gcc ggc 624 
Ala Arg Phe Thr Leu Glu Val Val Asp Ala Val Val Asp Ala Val Gly 
195 200 205 

gcc gaa aga ace tec ate aga ttc tct cct tac ggt act ttt ggt ace 672 
30 Ala Glu Arg Thr Ser He Arg Phe Ser Pre Tyr Gly Thr Phe Gly Tlir 
210 -215 220 

atg tee ggt ggt gag aac cct ggc ate gtt gcc caa tat gca tae gtc 720 
Met Ser Gly Gly Glu Asn Pro Gly He Val Ala Gin Tyr Ala Tyr Val 
35 2 25 23 0 235 240 

att ggt gag ttg gaa aag aga get aga get ggc aag aga ttg gcc ttc 768 
He Gly Glu Leu Glu Lys Arg Ala Arg Ala Gly Lys Arg Leu Ala Phe 
245 250 255 

40 ate gat ttg gtc gag cct cgt gtg acc gac cca ttc eta cca gaa ttc 816 
He A^ Leu Val Glu Pro Arg Val Thr Asp pro Phe Leu Pro Glu Phe 
260 265 270 

gag aag egg etc aag gaa ggt acc aac gaa ttc ate tac tct ate tgg 864 
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Glu I-ys Trp £»he tiys Glu Gly Thr Jlsn Glu Phe lie Tyr Ser lie Trp 

275 ... 280 . „ 285 

aag ggt cca gtt etc aga gtt ggt aac tat get ttg gac cca gat caa 312 
S Lys Gly Paro Val Leu Arg Val Gly Asn lyr Ala Leu Asp Pro Asp Gin 
290 295 300 

get act ate gac tct aag aag cct aac acc ttg acc ggc cac ggt aga 9 SO 

Ala Thx lie Asp Sez* Lya Lya Pro Asn Thr Leu Xle Gly Tyr Gly Arg 
10 305 310 315 320 

• tec ttt att gcc aac cca gac ttg gtg tac cgt ttg gaa aag ggt ctg 1008 
Ser Phe lie Ala Asn Pro Asp Leu Val Tyr Arg Leu Glu Lys Gly Leu - 
325 330 335 

IS 

cca ttg aac aag tat gat aga aac acc ttc Lac acc ttc acc aaa gag . 1056 
Pro Leu Asn Lys Tyr Asp Arg Asn Thr Phe Tyr Thr Phe Thr Lys Glu 
340 345 35Q 

20 gg 1058 



<f210t> 22 

<211^ 352 

25 <212> PRT 

<213> Candida kefyr- 

<400> 22 

His Arg Val Val Met Pro Ala Leu Thr Arg Met Arg Ala lie Ala Pro 
30 1 5 . 10 15 

Gly Asn lie Pro Asn Thr Glu Txp Ala Glu Glu Tyr Tyr Arg Gin Arg 
20 25 30 

35 Ser Gin Tyr Pro Gly Thr Leu He lie Thr Glu Gly Thr Phe Pro Ser 
35 40 45 

Ala Gin Ser Gly Gly Tyr Pro Asn Val Pro Gly He Trp Ser Lys Glu 
50 55 60 



40 



Qln Leu Ala Glu Trp Lys Lys Xle Phe Asn Ala He His Glu Asn Lys 
65 70 75 80 

ser JPhe val xrp Val Gin Leu Trp Val Leu Gly Arg Gin Ala Trp Pro 



[Hm^ 190 did JOU33S1IA m n-i 



-28- 

B5 30 B5 

Glu Val Leu t.ys Lys Glu Gly Leu Arg Tyr Asp Ser Ala Thr Asp Asp 
100 lOS 110 

5 

Leu Tyr Met Gly Glu Glu Glu Lys Glu Arg Ala Leu Lys Ala Asn' Asa 
115 120 125 

Fro Glzi His Gly lie Thr Lys Glu Glu Xle Ijya Gin Tyr lie Lys Glu 
10 130 135 140 

Tyr Val Asp Ala Ala Lys Lys Ala He Asp Ala Gly Ala Asp Gly Val 
14S ISO 155 ,160 

15 Gin Xle His Ser Ala Asn. Gly Tyr Leu lieu Asn Gin Phe Leu Asp Pro 

165 170 175 

lie Ser Asn Asn Arg Thr Asp Glu ITyr Gly Gly Ser Xle Glu Asn Arg 
IBO . 185 190 

20 

Ala Arg Phe Thr Leu Glu Val Val Asp Ala Val Val Asp Ala Val Gly 
195 200 205 

Ala Glu Arg Thar Ser lie Arg Phe Ser Pro Tyr Gly Thr Phe Gly Thr. 
25 210 215 220 

Met Ser Gly Gly Glu Asn Pro Gly lie Val Ala Gin Tyr Ala Tyr Val 
225 230 235 240 

30 Xle Gly Glu Leu Glu Lys Arg Ala Arg Ala Gly Lys Arg Leu Ala Phe 

245 250 255 



Xle Asp Leu Val Glu Pro Arg Val Thr Asp Pro Phe Leu Pro Glu Phe 
35 260 265 270 

Glu Lys Trp Phe Lys Glu Gly Thr Asn Glu Phe lie Tyr Ser Xle Trp 
275 280 285 

40 Lys Gly Pro Val Leu Arg Val Gly Asn Tyr Ala Leu Asp Pro Asp Gin 
2d0 295 300 

Ala Thr Xle Asp Ser Lys Lys Pro Asn Thr Leu lie Gly Tyr Gly Arg 
305 310 315 320 
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Ser Phe lie Ala Asn Pro Asp Leu Val "Tyx Arg Leu 'Glu Lys Gly Leu 
325 330 335 



S Pro Leu Asn Lys Tyr Asp Arg Asn Thr Phe Tyr Thr Phe Thr Lys Glu 
340 345 350 



<s2l0s> 23 

10 <i211^ 25 

<212> DNA 

<213> Artificial 



<:4Q0> 23 

15 attcctcggc ccattcagtg ttggg 25 



<2l0b. 24 

<i211> 26 

20 <212> PNA 

<213> Artificial 



<400> 24 

ggtgtacegr Ccggaaaagg gtttgc . 2^ 

25 

<210:> 25 

<:211> 179^ • • 

<212> DNA 

30 <213> Candida kefyr 



<40.a:> 25 

tatacatata tatatgtata cacttaggtt aatactgagr. atttgactta gaacaaagaa 60 

35 

ggc:taatai:b ggcagtagta gtggcagcag ttagagcatc tgcagcaccg agaectaact 120 

aattaactiat atcaacaaac cgncgagatg tcgtacatga actttgacee baagccattg ISO 

40 ggagacacca atatcttcaa gccaatcaag atcggcaaca atgagctaaa acactagagta 240 

gtcabgeeag cattgactag aatgagagcc atbgcaccag gaaacatccc aaacactgaa 300 

tgggccgagg aatactacag acaacgttct ca^taiiiciccg gracccttat tatcaeggaa 360 
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ggtactttce cttctgcgca atcaggtggt tacccaaatg tgccaggcac ctggtccaaa 420 

gagcaattgg ctgaafcggaa aaagatcttc aatgcaatee acgagaacaa atcgttcgtg 480 

5 

tgggtgeaat tgtgggtcct: aggtagaeaa gcatggecag aagcgxicgaa gsaggaaggt S40 

ccgcgttacg atagtgetac cgatgacttg tacatgggtg aagaagaaaa agagcgtgcc 600 

10 ttaaaggcta aeaaeccaca gcacggtatc accaaggaag aaaT:caagca gtacatcaag 660 

gagnaegcgg atgccgccaa gaaageeatc gatgcaggcg cagacggtgt gcaaatccat 720 

tctgccaacg gttactcgtL gaaccagttt ttggacccta tttccaacaa cagaaecg'ac • 780 

iS 

gagcacggtg gatcgatcga gaacegrgcg agattcactt tggaagtggt cgacgccgtt 940 

gtagatgcag- ttggcgccga aagaacetec atcagattfic ccccctacgg tacttfctggt 900 

20 accatgtccg gtggtgagaa ccctggeatc gttgcccaac acgcatacgt cattggtgag- 960 

ccggaaaaga gagctagagc tggcaagaga ccggccttca tcgatttggt egagcctegt 1020 

gtgaccgacc cacccctacc agaattcgag aagtggtrca aggaaggtac caacgaattc 1080 

25 

acctactcta tctggaaggg tecagcLctc agagttggta actatgcttt ggacccagat 1140 

caagctacta tcgaccccaa gaagcctaac accttgatcg gttacggtag atcctttatt 1200 

30 gccaacccag acttggtgta ccgtttggaa aagggcttgc cattgraaeaa gtatgataga 1260 

aacaccttct acacccccac caaagaacrg-t tacacegant acccaagcta cgaggaatce 1320 

gtcgcaaagg gttacaagaa agaggaaaag aagtactaag cttgaaetga. taaccagcca 1380 

35 

OTaccagaat ctgtcatcct ctcpacpttc . t^^ ttatgtatga. tggatgafftt .1440 

taatattata tbattacata atacatatgc ctaaadtaae tactacactt gggaaattgg 1500 

40 tggcagacga ggggcctttg accttcaatg t.ttgtatgta agtaatgact caaaagattc 1S60 

tcctctatag fctggctagtt actactaaaa gaaaccttca atataaaaca atgatcgaga * 1620 

acacattatt aaattaacct: ai:gaacT:tat aaaataaaag agacaaaaca aaactaaaaa 1680 
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ctaccaticaa gtctttgtge gaaatgagta acfctratatt aataaaagac gtgaagtgtg 1740 
gtgcacgtgt gcgcgcacgt gcgtgtgcaa aatttgtgtg tgnutaagtg taaaac 1796 



5 



<210> 26 

<211> 20 

^212:> DMA 

10 <:213> Artificial 

.<400> 2S 

gagcatctgc agcaccgaga 20 



15 



20 



-tf210> 27 

<211> 20 

<212> DMA 

<213> Artificial 

•<400> 27 

gagaggatga eagaccctgg 20 



25 <210> 2a . 
<211> 1310 
-^212^ mXA 
<:213> Candida Icefyr 

30 

gagcatctge agcaccgaga cctaactaac caattatatc aacaaactgt egagabgccg 60 
tacacgaacc ttgaccctaa gccattg'g^a gacaccaata tcttcaagcc aatcaasatc 120 

35 

ggtaacaatg agctaaaaea cagagtagtc atgccagcat tgactagaat gagagccatt 180 
gcaccaggaa acateecaaa cactgaat^g gccgaggaat actacagaca acgttctcaa 240 
40 taecccggta ccettactat cacggaaggt acttcccett ctgcgcaacc agratggttac 300 
ccaaatgcgc caggtatecg gcccaaagag caat:i:gget9 aatggaaaaa gatcttcaat 360 
gcaacccatg agaacaaatc gcccgtgtgg gugcaactgt gggtbctagg tagacaagca 420 

8g 'S 5805 'aw im889 190 Jid JO 1038 1IA aiH 55 = 8 SOOrdHS X2 



ur uu ' uuuu/ UU/ GO ■*■'* • 




tggccagaag tgttgaagaa ggaaggtttg cgttacgaca gtgctaccga tgactrgtac 480 

atgggtgaag aagaaaaaga gcgtgcctta aaggctaaca acccactagca cggtatcacc 540 

S 

aaggaagaaa teaagcagta esatcaaggag tacgtggatg ctgccaagaa agccatcgat 600 

gcaggtgcag acggtgtgca aatccattct gccaacggct acttgttgaa ceagtctttg 660 

10 gaccctattt etaacaacag aaccgacgag cacggtggat cgategagaa ccgtgcgaga 720 

ttcactttgg aagtggtcga tgcegctgcc gatgcagttg gtgccgaaag • aacctccatc 780 

agattctctc catacggtac. tcttsfgtacc atgtccggrcg gtgagaaccc tggcatcgti; ' 840 

15 

gctcaacaiig catacgtcat tggcgagtcg gaaaagagag ccagagctgg caagagattg 900 

gcgttcatcg atttggccga gcctcgtgtg accgaeccat tccfcaccaga attcgagaag 960 

20 tggttcaagg aaggtaccaa cgaattcatc caccctatct ggaagggtec agccctcaga 1020 

grtggtaacc atgctttgga cccagatcaa gecactctcg acticcaagaa gcctaacact 1080 

ttgatcggtc acggtagatc cttcategce aacccagact tggtgtaccg ttcggaaaag 1140 

25 

ggccegccat tgaacaagta tgatagaaae acetitccacia cattcactaa ggaaggcrac 1200 

aecgattace caagctacga agaatccgtc gcsaaagggtc acaagaaaga ggaaaagaag 1260 

30 tactaagccc gaactgataa ctagccagga ccagaatetg tcatccrcce 1310 



<210> 29 

<211> 25 

35 <212> DNA 

<213> Artificial 

<400d* 29 

caccatgtcg tacatgaact ttgac 

40 

<210^ 30 

<211> 29 



6£ 'S 
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<213> Arclfiielal 
<400> 30 

tcagcacttc ttttcctctt tcttgtaac 29 



0^ 's mi'M 
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Claims 



1. An isolated DNA comprising a nucleotide sequence coding for an eni^yme having enone 
reductase activity wterdn the enzyme i& characteriased by the follo\dng physico-chenucal 
properties: 

5 (a) molecular mas^r 61,300 ± 5,000 Da 

(estimated using gel filtration, consisting of one subunit); 

(b) co-6u:tonNAOPHandNADH; 

(c) substrate spedbScity: active on o^^-unsaturated Icetons; 

(d) optimum temperature: SS-eO^'C at pH 7.4; and 
10 (e) optimum pHipH 4^-8.5. 

2. The isolated DNA according to claim 1, wherein said nucleotide sequence is selected 
from the group consisting o£ 

(a) a nucleotide sequence coding for a polypeptide having the amino acid sequence shown 
inSEQIDNO:2; 

15 (b) a nucleotide sequence coding for an allelic variant of the polypeptide having the amino 
add sequence shovm in SEQ ID NO:2; and 

(c) a nucleotide sequence coding for a polypeptide having the amino add sequence sho\iai 
in SEQ ID NO-^ in which one or more amino adds are added, inserted, ddeted and/or 
substituted but having the enone reductase activity. 

20 3. The isolated DNA according to daim 1, wherein said nudeotide sequence is selected 
from the group consisting o£ 

(a) a nudeotide sequence represented in SEQ ID NO:l; 

(b) a nudeotide sequence encoding an enone reductase having the amino add sequence 
encoded by the nudeotide sequence shown in SEQ ID NO:l; 

25 (c) a nudeotide sequence which hybridizes to the complement of the nucleotide sequence 
of (a) or (b) under stringent hybridi2ing conditions; and 

(d) a nudeotide sequence which is at least 80% identical to the nudeotide sequence of (a). 
4. A vector or a plasmid comprising the DNA of daim 1. 

5- A host cell transformed or transfected by the DNA of daim 1 or the vector or the 
30 pla^mid of daim 4. 

6- A polypeptide encoded by the DNA of daim 1. 
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7. A process for the production of levodione, which compiises contacting ketoinophorone 
with the polypeptide of daim 6 under conditions suitable for the production of levodione, 
e.g. at pH values of from 4-5 to 8,5 and at a temperature range from 10 to 60 *C for 5 
minutes to 72 hours, or at pH Values of from 5.0 to 8.0 and at a temperature range from 20 

5 to 60 *C for IS minutes to 48 hours. 

8. A process for the production of levodione, which comprises contacting ketoisophorone 
with the host cdl of claim 5 or a cell-free extract thereof under the conditions suitable for 
the production of levodione, e,g. at pH values of from 4.0 to 9-0 and at a temperature 
range from 10 to 60 for 15 minutes to 72 hours, or at pH values of from 5.0 to 8.0 and 

30 at a temperature range from 20 to 60 °C for 30 minutes to 48 hours. 
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